In the last 30 years several advanced technologies including guidance systems, auto-steer systems, variable fertilizer rate systems, and section controllers have become mainstream in modern irrigated agriculture. Although these technologies have become widely accepted under irrigated conditions in the United States, their adoption under dryland conditions has lagged. The purpose of this study was to document the adoption of these technologies in the dryland inland areas of northern Idaho, eastern Washington, and northeastern Oregon. Three mail-based surveys conducted 15 years apart in 1981, 1996, and 2011 were used to document adoption. All of the Dillman-based surveys received grower responses in excess of 50%. In 2011, guidance systems, auto steer systems, section controllers, and variable rate application systems were used by 46.8, 36.6, 25.5, and 20.4% of the survey respondents, respectively. The use of these technologies was less than 2% in 1981 and less than 10% in 1996. The factors of annual precipitation zone, grower age, number of years farmed, and farm size all had an impact on the use of modern technology. In general, variable rate systems were more popular in the drier areas. Younger farmers were more likely to have adopted the new technologies, and new technology use was more widespread on the larger farms.
Nutrient management has been an important part of crop production for thousands of years. People living on the flood plains of the Nile, Tigris, and Euphrates rivers in ancient Egypt and Mesopotamia found that the silt deposits left by the annual spring floods contained something that enhanced the growth of their crops. Later the Greeks learned that sewage wastes from cities and dead animal bodies when applied to agricultural fields resulted in enhanced crop growth. By Roman times it was common to plant legumes in rotation with cereal crops, and to apply marl and wood ashes to enhance plant growth. The ancients did not know that these were sources of N, P, K, and soil pH change, but they did know that these were practices that enhanced plant growth. So, in essence, some form of nutrient management has been practiced for more than 6,000 years (Foth and Ellis, 1988; Krishna, 2002) .
In the Palouse Region of northern Idaho and eastern Washington up until 1950, farmers relied on the rotational legume crop (sweet clover, Melilotus albus Medik.) to provide needed N for the following cereal crop. However, in the 1950s two important things happened that changed this traditional practice (Mahler et al., 1985) . First, plant breeders developed semi-dwarf varieties of wheat (Triticum aestivum L.) that when heavily fertilized with N would double to triple the traditional yields seen in the region. Second, after World War II, munitions plants that manufactured ammonium nitrate for the war effort now switched markets and concentrated on producing a cheap, plentiful supply of N fertilizers that farmers could use to achieve these record yields. So, by 1960 it was common for farmers in the Palouse to apply 2.7 pounds of N per acre for each bushel of wheat produced. 1 In the early 1960s the practice of soil sampling to determine plant-available soil N levels and to make science-based fertilizer recommendations became common. By 1965, more than half of all Palouse-area farmers were routinely taking soil samples to determine crop nutrient needs. Soil sampling was the last major practice widely adopted to enhance nutrient management in this dryland region. Thus, this has been the major advanced form of nutrient management practiced in the region for more than 50 years.
In the 1980s technologies became available to further enhance nutrient and crop management (Lutcher, 1995; Mahler et al., 1994; Wilson, 2000; Zhang et al., 2002) .
However, it was believed that these practices would only work well on irrigated lands where farm receipts were high, and would be uneconomical under rainfed conditions. Specific advanced technologies that have become important to crop and nutrient management include: guidance systems, auto-steer systems, variable fertilizer rate systems, and section controllers (Cox, 2002) . The early 1980s were a time of growth in agriculture mechanization as more and more growers were turning to the use of no-till or low-till methods on their farms to reduce the amount of erosion.
Guidance systems are a tool used in precision agriculture to help guide a tractor in a precise manner across a field. They use a technology called vision-based guidance. Visionbased guidance systems assume the computer has no prior knowledge of a desired trajectory, but must instead follow the desired trajectory, usually by "watching" the rows of the crop (Bell, 2000) . In order for the technology to watch the rows of the crop, a system of lasers are used to detect the spatial layout of crop rows. These systems have been used predominantly on harvesting machines.
Following the development of guidance systems was the auto-steer system. Auto-steer systems use the differential global positioning system (DGPS). This is a highly accurate satellite system that can reduce the error in accuracy to ±4 meters. This level of precision has allowed new developments in agriculture such as autonomous farming. Auto-steer tractors were developed to reduce the workload for growers and the amount of laborers needed to farm large quantities of land; by making a tractor that can drive itself, growers are able to farm for longer hours without the worry of exhaustion from workers. Many of these systems can be retrofit onto existing equipment on the farm in order to keep the implementation costs of these technologies lower.
Variable-rate fertilizer systems have the capability of applying different nutrient application rates across a single field. This technology is suited for un-uniform fields that have a wide range of yield potentials in the same field, or in fields where residual levels of nutrients are quite variable (Mulla et al., 1992) .
The use of section controllers was developed after autosteer systems. Section controllers are mechanisms that automatically shut down operations at predetermined locations in a field to reduce the amount of seed loss, nutrient application errors, over spray, and overlap. Section controllers are manufactured by many different companies and are relatively simple to retrofit onto existing farm equipment.
The purpose of this study is to document the adoption of these four advanced management technologies in the dryland farming regions of eastern Washington, eastern Oregon, and northern Idaho. This was done using a series of surveys during a 30-year period.
MATERIALS AND METHODS
Data for this study was collected from three surveys conducted during a 30-year period in 1981, 1996, and 2011 . This study emphasizes the use of different technologies in the 2011 survey; however, data from the 1981 and 1996 surveys are used to show the speed of the adoption of the technologies. The survey questions asked in 1981 and 1996 seem incomplete today; however, this is in part because three of the four discussed technologies had not been introduced by 1981. The methodologies for each of the surveys were as follows.
Survey
A 33-question survey was designed to assess the current nutrient use and changes in soil fertility management for the last 20 years on dryland farms in the Inland Pacific Northwest. The survey question evaluated in this paper was:
Please check any of the following new technologies that you are currently using to increase nutrient efficiency on your farm: a. Guidance systems b. Auto-steer systems c. Variable-rate systems d. Section controllers (GPS controlled system that shuts off individual valves on booms)
To make the answers to this question more useful, demographic information about farm location, average annual precipitation, age of farm operator, number of years the operator has farmed, and farm size were collected via survey questions.
All of the farm operators selected for this study were entirely dependent on rainfall for crop production (no irrigation) and represented 30 counties in eastern Washington, northern Idaho, and northeastern Oregon. The study area is shown in Fig. 1 .
The survey distribution mechanism was the United States Postal Service (USPS). Mailing addresses of active farmers were obtained from county extension agents in the 30 counties surveyed. A subset of the obtained mailing addresses became the sample for the survey. The county extension mailing lists had some quality issues because several of the lists also contained master gardeners, fertilizer dealers and consultant addresses. Because of this characteristic a multiple survey sampling goal had to be structured. Surveys were sent to 2,969 addresses; however, the actual number of farmers on the list was unknown but expected to be anywhere from 1,000 to 2,000. Consequently, the survey goal was (1) to obtain 600 completed surveys from farmers or (2) to receive a 50% response rate from the surveys that were not identified as being of non-farmer origin.
Dillman's three contact mail survey method was used to administer this survey (Dillman, 1978) . This consisted of three attempts to survey each selected farmer by mail. The first mail contact consisted of a package that contained a letter explaining the survey, the survey, and a business reply envelope to return the survey. The second mail contact was a reminder postcard sent approximately 25 days after the first mailing. Four weeks later, a third contact was made to all addressees who had not completed the survey yet. This contact consisted of another copy of the survey, a letter explaining the urgency of completing the survey, and a business reply envelope. The mailings were conducted in October 2010 (1st mailing), NovemberDecember 2010 (2nd mailing) and December 2010-January 2011 (3rd mailing). Thus, this was considered a 2011 survey. The survey results were coded into Microsoft Excel. Statistical analyses were carried out using SAS software (2009, version 9. 3). Frequencies were computed using the FREQ procedure, whereas specific contrasts were tested with the CATMOD procedure.
A 21-question survey about nutrient management practices on rainfed farms was developed and distributed to farmers in a 12-county region of eastern Washington and northern Idaho covering the 18-to 30-inch precipitation zone most commonly referred to as the Palouse (Zones 3 and 4 in Fig. 1 ). The survey question that specifically addressed nutrient management technologies used in this paper follows:
Most dryland farmers in the Inland Pacific Northwest have traditionally applied a uniform rate of fertilizer across their entire field. However, some new technologies have been developed that allow growers to use different fertilizer rates within the same field. This is often referred to as variable fertilizer management.
Have you ever practiced variable fertilizer management on any of your fields? a. Yes b. No If you answered yes to the above question, please describe your variable management application system:_________________________ The farm mailing lists were obtained from county extension offices in Idaho and Washington. From the obtained mailing lists a subset of 700 addresses were chosen as the sample. The survey process had the goal to achieve a minimum response rate of 50%. This mailbased Dillman (1978) procedure was similar to the mailing procedure described for the 2011 survey, except that a fourth mailing, which consisted of a reminder postcard, was sent to non-respondents approximately 3 weeks after the third mailing. As described with the 2011 survey, all data were recorded in Microsoft Excel files and were analyzed using the FREQ procedure of SAS (SAS Institute, 2009 ).
An 18-question survey about nutrient management practices on dryland farms was developed and distributed to farmers in a 12-county region of eastern Washington and northern Idaho covering the same region as the 1996 survey. The question used in this paper, sample size, sampling procedure and statistical analysis was identical to the 1996 survey with the lone exception being that the data were directly entered into SAS because Microsoft Excel was not yet available.
RESULTS AND DISCUSSION

Survey
Of the 2,969 addresses collected from county extension mailing lists 1,337 were farmers. Based on this number, the response rate for the survey was 53.2% (711 completed surveys). Consequently, the targeted 50% response rate was reached.
The demographics of the farmers who completed the survey are shown in Tables 1, 2 , and 3. Based on the data provided in the survey, 20.5, 33.7, 31.7, and 14.2% of the respondents farmed in the <12, 12 to 17, 18 to 21, and >22 inch precipitation zones, respectively (Table 1 ). This precipitation distribution was a good representation of the farming conditions in the inland rainfed areas of Idaho, Oregon, and Washington as a proportion of the total number of farmers in the region. In this article the <12, 12 to 17, 18 to 21, and >22 inch precipitation zones will be referred to as Regions 1, 2, 3, and 4, respectively.
More than 90% of survey respondents had farmed in the region for at least 16 years (Table 2) . Of this total, nearly 12% of survey respondents had farmed for more than 45 years. This demographic indicates that the survey respondents had significant farming experience and that they could answer many of the survey questions from a historical perspective.
The percentage of survey respondents from Washington, Idaho, and Oregon were 57.6, 33.0, and 9.4%, respectively. The percentage of growers age 20 to 40, 41 to 60, 61 to 80, and more than 80 years old in this survey were 11.4, 49.5, 36.6, and 6.5%, respectively. As expected, almost half of the growers were in the 41 to 60 age group. These numbers suggest that the surveyed growers were representative of the actual ages of farmers in this dryland region (USDA, 2007a (USDA, , 2007b .
The distribution of farm size based on the survey respondents surveyed is shown in Table 3 . More than 72% of the farms were larger than 1,000 acres. Conversely, only 14% of the farms were smaller than 500 acres. Eleven percent of the farms exceeded 5,000 acres. It is believed that this survey captured farms in numbers and proportion to their actual sizes in the region. In general, farm size increased as annual precipitation decreases (USDA, 2007a (USDA, , 2007b . Consequently, farm size was largest in Region 1 and smallest in Region 4.
Respondents were asked to indicate if they used guidance systems, auto-steer systems, section controllers, and/or variable-rate systems. Approximately 47, 37, 26, and 20% of the survey respondents used guidance systems, auto-steer systems, section controllers, and variable-rate systems, respectively (Table 4) . Almost half of the farmers were using guidance systems, one-third were using autosteer systems, one-quarter were using section controllers, and one-fifth were using variable-rate systems. The adoption rates of these technologies were much greater than expected. Consequently, the demographic factors of precipitation zone (region), grower age, number of years farming, and farm size were evaluated to help explain why these new technologies were being adopted. The SAS categorical modeling procedure provided chi-squared values for each of the specific tests to help explain the results.
Precipitation Region Association
Within each precipitation region (1, 2, 3, and 4) the differences between the uses of technologies by growers were statistically significant (p < 0.0001) ( Table 5) . This is likely due in part to the fact that both precipitation and topography differences made particular technologies better suited for each region. Within each technology, except for variable-rate systems, statistical differences were not observed across regions. Where statistical differences existed across regions for variable-rate systems, a contrast was run to compare adoption in Region 1 (driest) against Region 4 (wettest). This contrast was significant (p = 0.0129; x 2 = 6.18). Based on this contrast, the wetter region (4) has a higher usage of variable-rate systems than the dryer region (1). The factors that contribute to the difference between region and the adoption of variable-rate systems are likely the differences in terrain. Variable-rate systems are used mostly in areas where the soil varies across a field or in areas where the terrain changes dramatically over a short distance. Based on field observations, yield potential variability within fields in this wettest region is great, as low yielding areas of the same yield often produce yields only 30% of the most productive areas (Lutcher, 1995) . However, in areas where the soil and the terrain are relatively homogenous (Region 1) the cost of variable-rate systems may outweigh the benefit in most situations. 
Age Association
The growers were split into four age groups (20-40, 41-60, 61-80, and >80) to enable the use of categorical modeling for a possible age association. Statistical differences for each technology adoption within the 20 to 40, 41 to 60, and 61 to 80 age groups were observed (Table 6 ). There were also significant differences between the age groups for each of the technologies. These data support the observation that the age of the grower does contribute to the adoption of new technologies. Based on these significant results, contrasts were made to compare specific age groups.
The contrasts for each technology were made between the two largest age groups in the study, 41-60 and 61-80 year old respondents, who represented more than 86% of the survey respondents. Based on the contrasts, age did not affect the use of section controllers (p = 0.0798) ( Table 7) . However, age did affect the use of guidance systems (p = 0.0009), auto-steer systems (p = 0.0270), and variablerate systems (p = 0.0021). The younger age group (41-60) had the highest adoption rate of all of the technologies. This could be due to the younger age groups looking more toward science and technology, and they are not as reliant on tradition as older growers. This age trend indicates a promising future for the use of modern technology in agriculture and the advancement of current technologies. Another factor that could be affecting the adoption of technology across age groups is capital. Money is a very important factor; a grower must have the money to make improvements to equipment and the time to gain the money back. Returns on investments, like advanced technology, take time to pay back, so older age groups may not see it economically viable to invest in new technologies if they plan to retire in the not-too-distant future.
Years Farmed Association
Number of years farmed data was split into five different groups (<16, 16-30, 31-45, 46-60, and >60 years) in order to create categorical data out of continuous data. The number of years spent farming is usually directly related to age, but in this comparison these categories differ from the age analysis. This association is shown in Table 8 . The relationship between years farming and the use of different technologies was significant for guidance systems and variable-rate systems (Table 8 ). Significant differences due to years farmed were not observed for auto-steer systems and section controllers. To determine the dissimilarity between the different age groups for these two particular technologies, contrasts were run comparing the 16 to 30 and 46 to 60 years farmed groups. For the guidance systems and variable-rate systems, contrasts were made between growers with moderate (16-30 years) and extensive (46-60 years) farming experience.
Based on contrasts, the differing adoption rates of guidance systems and variable rate systems were dependent upon the number of years spent farming. The 16 to 30 year group showed the higher rate of adoption to these new technologies (guidance systems p = 0.0139, x 2 = 6.05; variable rate systems p = 0.0106, x 2 = 6.53). This difference could be because the group farming 16 to 30 years has been farming long enough to have the money to invest in these new technologies and will be farming far into the future so that they will see a return on their investment. Even though there are statistical differences between years farming, the data still shows that people from all of the categories have invested in new technologies. None of these four technologies were available in the early 1980s when the first surveys of this type were completed, so all of the adoption of the growers is relatively recent. These differences could be attributed to capital. Money, again, is a big factor in the adoption of new technologies when comparing that adoption with the number of years spent farming.
Farm Size Association
The average numbers of acres farmed were placed into five different categories (<2000, 2001-3000, 3001-4000, 4001-5000, and >5000) in order to use SAS categorical analysis (Table 9) . Differences between technologies within each farm-size range were statistically significant. Differences between the sizes of farm ranges for each technology were also significant (Table 9 ). Specific contrasts were made for each technology between farm sizes 2001 to 3000 and 4001 to 5000 acres. These two farm sizes were selected as representing moderate and large-sized farms. The specific contrasts are shown in Table 10 . When analyzing the contrasts within these farm sizes, there were statistical differences with the adoption of autosteer systems and variable-rate systems, but this farm size did not affect the adoption of guidance systems and section controllers.
Technology Adaption over Time
The results of the 2011 survey were compared with survey data collected in 1981 and 1996. The 1981 and 1996 surveys achieved return rates of 56.4 and 51.3%, respectively. Consequently, a majority of farmers who were asked, responded to all three surveys. Because the 1981 and 1996 surveys only dealt with farms receiving 18 inches of precipitation or more, this data can only be compared with farmers living in Region 3 (18-22 inches of precipitation) and Region 4 (>22 inches of precipitation) in the 2011 survey. Although the survey question used in both 1981 and 1996 was more general, the farmer was given the chance to describe the system they used. By compiling this written information, categorization of the practice used was placed into one of the four technologies evaluated in this study. So, based on these constraints, it was possible to construct a table to show the history of technology adoption in the 18+ inch precipitation region of Washington and Idaho (Table 11 ). The data show that except for variable rate management, these practices on dryland farms were non-existent in the early 1980s. The few farmers that were using variable-rate management in 1981 were crudely separating regions of their field for differential fertilizer application without the use of any specialized application equipment. Fifteen years later (1996) , all of the technologies were being used someplace in the region, but not on a widespread basis. In 1996 adoption percentages ranged from only 6.2 to 14.3%. Conversely, significant adoption of all practices has taken place in the last 15 years, and by 2011, at least one of these technologies was occurring on 84% of the region's farms. Based on the 2011 survey data and face-to-face discussions with farmers, it would be expected that these adoption percentages will continue to substantially increase during the next decade.
CONCLUSIONS
Farmers in the Inland Pacific Northwest have readily adopted modern nutrient management technologies. In 2011, guidance systems, auto-steer systems, section controllers, and variable-rate fertilizer systems were used by 46.8, 36.6, 25.5, and 20 .4% of the survey respondents, respectively. The use of these technologies was believed to be less than 2% in 1981 and less than 10% in 1996. The factors of annual precipitation zone, grower age, number of years farmed, and farm size all had an impact on the use of modern technology. In general, variable rate systems were more popular in the drier areas. Younger farmers were more likely to have adopted the new technologies and new technology use was more widespread on the larger farms.
Of the technologies that were evaluated in the 2011 Nutrient Survey of Inland Pacific Northwest Rain Fed Farms, the technology that has been adopted the least by the respondents is the variable-rate systems. This was unexpected since variable-rate systems are, in the United States, the most widely used of the technologies (Thrikawala et al., 1999; Koch et al., 2004; Boyer et al., 2011) . Variable-rate systems are applied to management zones that must first be determined. Management zones are areas with different agronomic needs within a certain field or farm. These management zones are turned into spatially referenced agronomic treatment maps showing where differences are within the area. Here, agronomic treatment maps are loaded into variable-rate units enabling inputs such as pesticides, fertilizers, sowing rate, and sowing depth to be adjusted in real time as machinery passes over different zones. Variable-rate systems are used heavily in areas that have a large variation of soil types in a small area (Sawyer, 1994; Koch et al., 2004) . This way the appropriate amount of water, fertilizer, pesticide, and seed can be applied to different sections of a field based on that section's particular needs; this can in turn increase productivity and profitability of a crop or of an area that was previously more difficult to farm. Technology is very important to the future of agriculture. As more automated processes are developed, the efficiency will increase-up to a point-leading to an increase in money that can then be put back into the development of more technologies. The 2011 Nutrient Survey of Inland Pacific Northwest Rain Fed Farms shows promise for the future of technology in agriculture because, in all demographics in question, there has been implementation of all of the surveyed technologies. All of these technologies are relatively new to the agricultural industry, so this level of adoption shows that future growth is inevitable, especially when comparing the rate of adoption of technology between younger age groups and older age groups. Many of these technologies have only been commercially available for the past 15 years, and their adoption in the Inland Pacific Northwest shows that the technological advances should have adequate potential for economic growth for the farmers in the area. This survey shows that the future is most likely to be a quickly advancing technological age based on needs for increased productivity on farms. The future of technology in agriculture shows promise, with hopes of increased productivity and economical gains.
